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Variation in Fireflies (Coleoptera: Lampyridae)
Along an Elevational Gradient
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Department of Biology, University of Puget Sound
_____________________________________________________________________________________

ABSTRACT
Three aspects of firefly ecology were investigated including species diversity, activity and behavior of llampyrid
species. Lampyrid species diversity was measured along an elevational gradient at five different sites (950 m, 1100
m, 1200 m, 1450 m, 1550 m). Activity was measured along the same gradient between 6:00 PM and 8:45 PM.
Behavioral diversity was studied in the context of species responses to disturbance by a simulated predator. Seven
different species were collected including specimens of Aspisonia sp. and Photuris sp. Species diversity was found
to be lowest at mid elevations and tended to increase at the outer ends of the gradient. Diversity was found to be
greatest at 1550 m (Shannon-Weiner, modified t-test, p < 0.02). Activity was found to have a negative correlation to
both elevation and time of night (ANOVA, time: F = 7.075, p < 0.0001; elevation: F = 10.987, p < 0.0001). Each
species demonstrated varying responses to predatory disturbances and all species, with the exception of species A,
maintained similar behavior for the full period of disturbance (Chi-square, p < 0.0001, 0.25 < p < 0.30; 0.95 < p <
0.975; 0.995 < p < 0.99, A, B, C, E). Species diversity was thought to be affected by habitat disturbance, while the
negative correlation of activity with elevation was thought to be explained by decreasing ambient temperatures. The
differing responses of various species to predatory disturbance sheds light on theories of flash behavior in fireflies.

RESUMEN
Este studio investiga tres aspectos de las luciérnagas incluyendo la diversidad, la actividad, y el comportamiento en
una gradiente altitudinal. Diversidad de los lampiridos fue medida en una gradiente altitudinal en cinco lugares
diferentes (950m, 1100 m, 1200m, 1450m, 1550m). Actividad fue medida sobre la misma gradiente entre las seis y
las nueve de la noche. Las respuestas de comportamiento a disturbios simulado de predadores entre especies de
luciérnagas también fue estudiado. Siete especies diferentes fueron colectados, incluyendo espécimenes de
Aspisonia sp. y Photuris sp. La diversidad fue menor a media elevación, tendieron a aumentar a bajas y a altas
elevaciones. A 1550m se encuentra una diversidad significamente más alto que todos los otros elevaciones
(Shannon-Wiener, modified t-test, p < 0.02). La actividad cambió significamente en relación y tiempo de la noche
(ANOVA, time: F = 7.075, p < 0.0001; elevation: F = 10.987, p < 0.0001). Cada especie demonstró respuestas
variadas a los disturbios predatorios y todos las especies, con excepción de especie A, mantuvieron
comportamientos similares durante el periódo del disturbio (Chi-square, p < 0.0001, 0.25 < p < 0.30; 0.95 < p <
0.975; 0.995 < p < 0.99, A, B, C, E). Se piense que la diversidad de especies está influenciado por alteraciones en
hábitats, y la disminuación de la actividad con elevación puede ser explicado por las bajas temperaturas ambientales.
Las respuestas diferentes de varias especies a los disturbios predatorios nos enseña sobre las teorías de
comportamiento en las luciérnagas.

INTRODUCTION
The small, luminescent beetles most commonly known as fireflies are members of the family
Lampyridae (Coleoptera). During the day fireflies are hard to find hidden among vegetation, but

at night fireflies light up forests as they signal to each other during mating rituals. Fireflies
produce their light through a chemical reaction in the cells of organs located in the terminal
abdominal segments. Light emission is controlled by the regulation of air to the light producing
organs. When air is supplied to these organs the carboxylic acid, luciferin, is instantly oxidized
in the presence of an enzyme called luciferase, releasing 100% of the energy as light (Borror et
al. 1989). A firefly flash, though no longer than a fraction of a second, can convey a wide
variety of signals ranging from flash codes used in courtship to aposematic warnings used in
predator deterrence (Carlson and Copeland 1985). Fireflies also produce toxic chemicals, known
as lucibufagins that increase their distastefulness to predators (Hogue 1993).
While many North American and Southeast Asian firefly species have been studied in
great detail (Carlson and Copeland 1985; Buck 1988), Latin American species have been less
investigated (Hogue 1993). Not much is known about lampyrid species in Latin America aside
from general knowledge of developmental ecology and what can be extrapolated about behavior
from other North American species. Of the 2,000 species of lampyrid in the world, 800 to 1,000
species are estimated to be found in the Neotropics, the dominant genera being Photuris,
Photinus, and Lucidota (Hogue 1993). The majority of patterns in species diversity can be
explained in terms of elevational gradients. Insects in general have been shown to have lower
diversity at higher elevations (Fleishman et al. 1998) and it is likely that fireflies will follow the
same trend. Activity patterns are likely to be related to elevation as well, as firefly activity is
influenced by temperature (Carlson and Copeland 1985) and temperature should change relative
to elevation.
Behavior in different species of lampyrids has been studied intensively to the point
where courtship flash behavior and specific courtship rituals for certain species have been
defined for each sex (Carlson and Copeland 1985). However, firefly communication and
behavior inherently show much variability and it is difficult to interpret specific behaviors in the
context of so much variation. Two approaches have been developed to explain the variability of
flash behavior observed in the field, an adaptationist approach and a neuroethological approach.
The adaptationist approach assigns functions to all different types of flashes observed, with
variability allowing for natural and sexual selection within populations. The neuroethological
approach hypothesizes that a firefly's nervous system is designed to produce flashes in
stereotyped patterns, and thus variability would be explained by fluctuations in physiological
characteristics (Carlson and Copeland 1985). Using the neuroethological approach to look at
lampyrid response to predation, it is hypothesized that different lampyrid species should respond in
unique ways to predatory disturbance. The adaptationist approach predicts that if one behavior
does not succeed in deterring a predator, a firefly will attempt a different means of defense.
This study is an investigation into species diversity, activity and response behavior to a
simulated predator in fireflies of the Monteverde area of Costa Rica. Species diversity and
activity will be studied along an elevational gradient. Behavioral response to disturbance by a
simulated predator will be observed, looking for differences in responses between species and

between separate, consecutive periods of disturbance.

METHODS
Study sites
This study was conducted between April 22, 2003 and May 4, 2003 at five different sites located
in the San Luis valley and in Monteverde in the Puntarenas Province of Costa Rica (10° 18'N,
84º48’W). Study sites ranged on an elevational gradient from 950 meters to 1550 meters;
four of the sites (950 m, 1100 m, 1200 m, and 1450 m) were located in premontane wet forest
(Haber 2000) while the fifth site (1550 m) was located within lower montane wet forest (Haber
2000). The wet season begins in Costa Rica between April and May, thus weather conditions on
nights of data collection usually ranged from warm nights, with moderate trade winds and clear
sky conditions, to cooler nights with cumulus cloud formation and convective precipitation (Clark
et al.2000).
Data collection was done along the road descending from the Monteverde Cloud Forest
Reserve down into the San Luis Valley. At 950 m the sampling site along the road was
characterized by pasture. A mixture of regenerating pasture and secondary forest edge bordered
the 1100-m site. The 1200-m site was characterized by secondary forest edge. Both the 1450-m
and the 1550-m sites were characterized by disturbed, but healthy, forest edge.

Species Diversity
To obtain a gradient inventory of species, fireflies were collected at each elevation over a fortyfive minute period. Three elevations were sampled each night. Sampling periods beginning at
6:00 PM, 7:00 PM and 8:00 PM were rotated so that each altitude was sampled a total of six
times. Each elevation was sampled twice during each of the three sampling periods. Fireflies
were collected in the brush and forest edge along the road, and placed in individual vials closed
with cotton to keep individuals separate. The individuals caught at each altitude were kept and
identified at the end of the evening to morphospecies.
Activity

Firefly activity was measured indiscriminately at each altitude by counting the number of flashes
observed for one minute at three different intervals during the forty-five minute sampling period.
Sampling times for activity were spaced out so activity was measured for a one-minute period
every fifteen minutes.
Behavior

After each night of data collection, all individuals collected were taken out of their vials and

placed in a 4.5 cm x 10 cm container. A maximum of four individuals was placed in each
container, keeping morphospecies separate. Individuals were left in the dark for approximately
half an hour, allowing them to acclimatize. Behavior of each individual was observed before
testing and classified as "inactive", "active" or "flashing". The response of each individual to a
disturbance by a predator was simulated by picking up the individual from its container and
observing its response while it was held for a twenty second period. After twenty seconds the
individual was squeezed gently, and its response was observed for another ten seconds.
Individuals were always held dorsally so their ventral side and abdominal segments could be
seen clearly. The behavior of each individual was recorded during the first twenty seconds of
handling, and again during the ten-second period of handling. Behavior during the first handling
period is referred to as the "first response" and behavior during the second handling period is
referred to as the "second response" to a simulated predator.
Behavior during handling periods was recorded using a series of dashes that were later
classified. Eight total behaviors were observed and assigned a number 1 = no response; 2 = one
single flash; 3 = two or three flashes over the entire handling period; 4 = continuous flashing
over the full period; 5 = flickering at some point during the handling period (could include some
single flashes); 6 = rapid flashing (was notably faster than behavior 4 and was sustained for the
full period); 7 = continuous glow, i.e. abdominal segments were lit up but were not flashing; 8 =
body was visibly tucked up under the wings (playing dead), and the individual was not flashing. It
was also noted if the individual produced a strong odor or if a visible drop of the lucibufagin
chemicals was produced at the tip of the last abdominal segment.
Data Analysis

The number of species collected at each elevation was totaled and analyzed using a variation of
the Shannon-Weiner Diversity Index (Zarr 1984). A modified t-test was run comparing diversity
at each site. Probability was obtained using a t-table (Zarr 1984).
A one-way ANOVA along with a Fisher's PLSD post-hoc test were run comparing
activity at each elevation. A two-way ANOVA was done to analyze activity as a function of
both elevation and time. Activity was also examined in comparison to the number of individuals
collected at each elevation.
Chi-square tests of independence were run on species A, B, C, and E to determine if
their first responses were significantly different than their second responses. Species D, F and G
were not tested for independence as there was not enough behavioral data obtained for these
species to warrant analysis. Behavioral sequence patterns from the first response to the second
response were recorded in a table showing the number of times each sequence was observed
within each species separately and the number of times each sequence was observed over all.

RESULTS
Species Diversity

Seven different morphospecies were identified from a total of 193 individuals collected overall.
Among the seven different morphospecies identified, two were identified to genus: species B
was identified as Aspisonia sp., and species C was identified as Photuris sp. using the collection
of insects at the Estación Biológica de Monteverde. Species A was dominant at 1100m, 1200m
and 1450m. Species D, E and F were found only at the two higher-elevation sites (Table 1).
More species were collected at 1450m and 1550m than at the lower elevations (Fig. 1).
The number of individuals collected at each site ranged from a minimum of 23 individuals at 950
m to a maximum of 74 individuals at 1100m. With the exception of the 950-m site, number of
individuals showed a general decreasing trend with increasing elevation (Fig. 2).
Diversity was found to be lowest at mid elevations and tended to increase at the outer
ends of the gradient (Fig. 1). Elevation 1550m was found to have significantly greater diversity
than all other elevations (Shannon-Weiner, modified t-test, p < 0.02) (Table 2), while the mid
elevations showed similar diversity. Diversity at 950m was significantly higher than at 1100m
and 1200m (Fig. 1, Table 2), but was similar to the diversity at 1450m (Fig. 1, Table 2).

Activity
Firefly activity showed a significant decrease between elevations (ANOVA, F = 5.560, p =
0.0005) (Fig. 3). With the exception of the 950-m site, activity directly mirrored the number of
individuals collected (Fig. 4). Activity at lower elevations was found to be significantly greater
than activity at higher elevations (Fisher’s PLSD, p = 0.0288, 950m: 450m p = 0.0002, 950m:
1550m p = 0.0198, 1100m: 1450m: p = 0.0001, 1100m: 1550m). Activity at 1200m, was found
to be significantly greater than activity at 1550m (Fisher’s PLSD, p = 0.0202), but did not differ
significantly from other elevations.
Activity was found to change significantly relative to both elevation and time of night
(ANOVA, time: F = 7.075, p < 0.0001; elevation: F = 10.987, p < 0.0001). Activity at each
elevation generally peaked at least once during the evening, showing an initial increase around
6:15 PM and decreasing toward the end of the evening (Fig. 5). Activity rarely began before
6:15 PM with the exceptions of 1100 m and 1200 m. Peak periods of activity seemed to occur
earlier in the evening as elevation was increased. Lower elevations (950 m, 1100 m, 1200 m)
showed more even activity distributions, while the highest elevation (1550 m) showed a distinct
peak in activity followed by a highly pronounced decline in activity over the course of the
evening (Fig. 5).

Behavior
Species A showed a significant change in behavior from first response to second response (Chisquare, p < 0.0001). Species B (Aspisonia sp.), C (Photuris sp.) and E maintained similar
behavior from first response to second response (Chi-square, 0.25 < p < 0.30; 0.95 < p < 0.975;
0.995 < p < 0.99) (Fig. 6). Other species (D, F and G) did not appear to change their behavior
(Fig 7).
Among all species, species A displayed the greatest number of different behavior
sequences. It should be noted that the most common behavior sequence shown by species A,
sequence 4—3, was also the most common behavior sequence shown overall (Table 3). Many of
the behavior sequences shown overall are accounted for by species a alone or by species A and
only one other species. Behavior sequences not dominated by species A include sequence 7—7,
which is dominated by species E, and sequence 8—8, which is dominated by species B
(Aspisonia sp.). The behavior sequences that are distributed most evenly over all species are
sequence 1 — 1, and sequence 4—4 (Table 3).

DISCUSSION
Species Diversity
Species diversity was expected to decrease with elevation. In a study on diversity in montane
butterfly communities Fleishman et al. (1998) found that elevation and species diversity were
negatively correlated. Fleishman et al. (1998) explained this trend as the result of the harsher
climate conditions found at higher altitudes. The findings that species diversity in fact increased
with elevation (Fig. 1 and Fig. 2), contrast with the findings of Fleishman et al. Although the
two sampling sites at higher elevations were observed to have higher precipitation and cooler
temperatures than the lower-elevation sites, this did not appear to affect diversity of lampyrids.
The fewest individuals were collected at elevations where diversity was the greatest (Fig. 2).
The decreasing trend in number of individuals collected at each elevation follows the explanation
given by Fleishman (1998) that diversity is affected by the harsh climate conditions of higher
elevations. However, the number of species collected at each elevation showed a slight increase at
higher elevations (Fig. 1), contrasting with Fleishman's results.
Some possible explanations for the difference in results between this study and the
Fleishman et al. study include the effects of habitat variation between elevations and the ability
of different species to adapt to habitat disturbance. Both the 1450-m site and the 1550-m site
were surrounded by more intact and healthier forest than the lower sites, which were
characterized by secondary forest edge and pasture. Since species loss quickly follows habitat
fragmentation, (Terborgh 1992) it is possible that the healthier forest present at the higher
elevation sites in this study facilitates higher species diversity. Diverse communities retain more
species than disturbed ones according to Petchey et al. (1999), thus it follows that the greater
area of intact habitat, and higher habitat diversity present at higher elevations in this study,

should harbor more species. Also, since species differ in the ways and effectiveness in which
they utilize resources (Chapin et al. 1997), the ability of different species to adapt to habitat
disturbance could account for the high numbers of individuals found at mid elevations where
habitat is more disturbed.
Species A was the most abundant species found at mid elevations, accounting for the
majority of individuals collected overall (Table 1). It is possible that this species adapts best to
disturbed areas, suggested by the fact that no individuals of species A were collected at 1550 m,
where diversity was greatest. It is also possible that the absence of species A at 1550 m is what
allows high diversity. Species D, E and F were only found at the two high-elevation sites, while
species C (Photuris sp.) was also predominately restricted to high elevation sites (Table 1). It is
possible that these species are more dependable on intact forest habitat then are species A, B
(Aspisonia sp.) and G which were found primarily at the lower elevations.
Greater area of intact habitat and greater habitat diversity, combined with a lack of
ability to adapt to disturbance, would explain why diversity remains at higher elevations in spite
of harsher climatic conditions. However, it does not explain why species diversity increases at
high and low extremes of the gradient. Although there is more intact forest habitat at the higher
elevations, the 950 m site was characterized by the same pasture and secondary forest as the mid
elevation sites. Distribution of a species is affected by not only the availability of certain
resources, but also by competition for these resources (Shouse 2003). Perhaps species A
dominates mid elevations so much that other species cannot compete except at the elevational
extremes where other species can gain some competitive edge.
Activity
Flash behavior in fireflies, including flash duration and frequency, has been shown to be
influenced by temperature, the optimal temperature for activity being approximately 20°C (Buck
1937). Firefly activity was expected to exhibit a negative correlation with increasing elevation
due to the influence of ambient temperature. Activity was in fact found to be significantly,
negatively correlated with elevation (Fig. 3), reflecting the findings of studies done by Bergman et
al. (1996) and Wilmer (1982) on the effects of temperature on behavior of other insects.
Bergman et al. (1996) found the flight and flower-visiting activity of bumblebees and butterflies
to be significantly correlated with ambient air temperature, and that the activity of both
organisms was constrained by lowered temperatures. Wilmer (1982) found that flies were more
active at specific periods during the day in attempts to maintain consistent body temperatures.
Mean annual temperatures for lower montane rainforest where the upper two sampling sites fall is
recorded to be 12-17°C, while premontane wet forest, where the lower three sampling sites fall,
is characterized by mean annual temperatures of 17-24°C (Haber 2000). If 20°C is the optimal
temperature at which fireflies function (Buck 1937), these changes in temperature seem sufficient
to effect the changes in activity observed over the elevational gradient studied.
Over the course of an evening, firefly activity usually began as the sun went down and
decreased later in the evening. At each elevation activity was observed to peak during some part
of the evening, with peak activity tending to get earlier in the evening at higher elevations (Fig.

5). It is thought that this is also reflective of fireflies' susceptibility to temperature. At the start of
an evening, just after the sun goes down, ambient temperature should be higher than later in the
evening when the sun has been down for a few hours. Thus, at higher elevations, where ambient
temperature is lower, fireflies may be trying to take advantage of slightly higher temperatures at
the start of an evening before temperatures get too cold for them to function optimally.

Behavior
Behavioral responses to predation differed among all species studied, supporting the
neuroethological approach to flash behavior as discussed by Carlson and Copeland (1985).
According to this system of thought, a firefly's nervous system is designed to produce
specifically timed flash patterns, with physiological fluctuations accounting for all variability of
flash behavior seen in the field. If fireflies' nervous systems are indeed programmed to produce
flashes in stereotyped timing patterns, then behavior should be unique to each species. It has
already been demonstrated (Buck 1988) that many lampyrid species produce different courtship
codes, thus it should follow that each species should produce unique responses to predatory
disturbances, as was observed in this experiment (Fig. 6 and Fig. 7).
Signals are defined as behavioral, physiological, or morphological characteristics
maintained by natural selection because they convey information to other organisms (Otte 1974).
The firefly flash is one example of a highly evolved, species specific, signal which functions
both for courtship purposes and as an aposematic warning for predators. It has been found that
Lampyrids are disagreeable prey to toads and other predators as a result of their luminescence
(DeCock and Matthysen 1999). Many prey species, such as fireflies, have evolved a means of
ommunicating their harmful properties before being preyed upon. In a study on the aposematic
qualities of firefly larvae it was found that nocturnal predators can learn to use light signals as
aposematic cues for avoiding distasteful prey (Underwood et al. 1997). Some prey species have
also evolved means of exaggerating such aposematic signals to improve the chances that the
attacking predator will be deterred before the prey is harmed (Otte 1974).
It was hypothesized that the reaction of fireflies to two consecutive disturbances by a
simulated predator would be to change their behavioral response from the first disturbance to the
second in an attempt to exaggerate their first warning signal, and have more success in startling
their attackers. The adaptationist system of thought on firefly flash behavior, that natural selection
accounts for variation of flash behavior (Carelson and Copeland 1985), suggests that individuals
able to change flash behavior would be more "fit" from a selection perspective as they would
have greater success in deterring predators. Individuals adapted to have evolved one means of
exaggerating their first signal, after the failure of the first signal to deter a predator, should have a
greater chance of succeeding in deterring that predator.
In contrast to these predictions and theories, only species A demonstrated a change in
behavior from the first disturbance to the second (Fig. 6). All other species maintained similar
behaviors within their species over the entire handling period (Fig. 6 and Fig. 7). The most

common sequence patterns were those in which the sequence maintained the same behavior, with
the exception of sequence 4—3 (Table 3). It is possible that lampyrid species show no change in
behavior from first to second disturbance as they have not yet evolved a second or "exaggerated"
form of response that would be an attempt to further deter predators. It is also possible that
lampyrid species are physically incapable of producing a second response as their nervous
systems have only been programmed to produce one behavior in response to predators, as would
be predicted if applying the neuroethological approach. Another of the most common sequences
demonstrated by almost all species, sequence 1—1, was to show no flash response at all (Table
3). This behavior conveys no aposematic signal that would deter predators, so it is unclear why
such an unresponsive behavior would be produced.
Two species showed unique responses to predatory disturbances. Species B (Aspisonia
sp.) was the only species to physically tuck its legs up close to its abdomen, under its elytra
sequence 8—8) (Table 3). No flash behavior was observed, but the physical behavior of species B
was clearly an attempt to avoid predators by playing dead. Species B was also the only species
with wide elytra and an expanded prothoracic shield that completely covered the eyes and body.
With such specialized physical characteristics, it is likely that playing dead is an effective means
of escaping predation for species B. Species C (Photuris sp.) was the only species that produced
a continuous glow over both handling periods (sequence 7—7) (Table 3). No distinguishing
physical characteristics are present that would explain this behavior, but perhaps species C has
found this behavior more effective against predators as it is unique and fewer predators would be
accustomed to this behavior.

Conclusion
The three different aspects of this study each provide specific insight into the complex ecology
of fireflies. Both species diversity and activity in fireflies appear to be easily affected by
changes in habitat characteristics such as habitat structure and ambient temperature. The
susceptibility of lampyrid species to small changes in their physical environments can be used as
an indicator of the susceptibility of other insect populations to fluctuations in their environments.
As insects are the most species diverse class on the planet, habitat conservation is essential in
considering the maintenance of current species diversity in the Neotropics. Since an exhaustive
sampling of lampyrid species diversity, not to mention insect diversity in general, in the
Neotropics has yet to be accomplished, care should be taken to maintain intact habitats for the
preservation of all species.
The diversity in behavioral responses among lampyrid species emphasizes the
uniqueness of each species. The different behaviors in response to predatory disturbance
observed among each species highlight the behavioral diversity already shown to exist between
courtship patterns. Flash behavior complexity in fireflies in response to predatory disturbances
provides insight not only into the current systems of thought on the development of flash
behavior within fireflies, but through further study could provide a better understanding of the

development of signal systems between predators and prey. A suggestion for further study
would be to investigate whether the different behaviors observed in response to a simulated
predator differ in their effectiveness at deterring actual predators. This would shed more light on
the application of the adaptationist approach to flash behavior in relation to predatory
disturbance.
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TABLE 1. Lampyrid morphospecies collected at each elevation.
_____________________________________________________________________________________________
Elevation
(m)

Sp. A

1550
1450
1200
1100
950
Total

0
25
39
64
8
136

Sp. B
(Aspisonia
sp.)
0
1
1
7
4
13

Sp. C
(Photuris
sp.)
7
1
2
0
0
10

Sp. D

Sp. E

Sp. F

Sp. G

Total

6
1
0
0
0
7

7
1
0
0
0
8

3
2
0
0
0
5

0
0
0
1
13
14

23
31
42
72
25

_____________________________________________________________________________________________

TABLE 2. P-values from Modified t-test on Species Diversity at Five Elevations. P – values are
shown for comparisons between each elevation. *significant difference in species diversity
between elevations
_____________________________________________________________________________________________
Elevation (m)
1550
1450
1200
1100

1450
< 0.02*

1200
< 0.001*
0.2 < p < 0.50

1100
< 0.001*
0.05 < p < 0.10
>0.50

950
< 0.002*
>0.50
< 0.001*
< 0.001*

_________________________________________________________________________________________

TABLE 3. Frequency of behavior sequence observed for morphospecies of lampyrids showing
the observed change in behavior classifications from the first handling period to the second.
_____________________________________________________________________________________________
Sequence
(1st Response—2nd Response)
1-1
2-1
2-2
2-3
3-1
3-2
3-3
3-5
3-7
4-1
4-2
4-3
4-4
4-5
4-7
5-5
6-2
6-6
7-1
7-3
7-5
7-7
8-8

A

B
(Aspisonia sp.)

1
4
1
1
6
6
6
3

C
(Photuris sp.)
1
2

D

E

4

2

F

G

Sum

4

12
6
2
1
7
6
6
4
1
8
11
26
10
2
1
6
1
6
3
1
1
9
10

1
1

1
1

7
10
23
5
2

1
1
2
1

1
3

1
4
1
4
1
1

1
1
1

1
10

1
1
1
1
8

_____________________________________________________________________________________________

FIGURE 1. Lampyrid species diversity along an elevational gradient shown in relation to the
number of species collected at each site. H’ was calculated using a Shannon-Weiner diversity
index.
_____________________________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 2. Lampyrid species diversity along an elevational gradient shown in relation to the
number of individuals collected at each site. H’ was calculated using a Shannon-Weiner diversity
index.
_____________________________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 3. Firefly activity along an elevational gradient, measured by the number of flashes
recorded over one minute. Firefly activity is significantly different between elevations (ANOVA,
p = 0.005)
_____________________________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 4. Lampyrid activity along an elevational gradient in relation to the number of
individuals collected at each elevation.
_____________________________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 5. Firefly activity over the course of an evening on an elevational gradient. Activity is
significantly different between time of night and elevation (ANOVA, time: p < 0.0001,
elevation: p < 0.0001). Fireflies’ activity tends to peak at some point during the evening
depending on elevation. Peak time of activity seems to get earlier as elevation increases.
______________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 6. Behavior for morphospecies A, B (Aspisonia sp.), C (Photuris sp.) and E in response
to disturbance by a simulated predator. Behavior classifications 1-8 are shown on the x-axis;
frequency of each behavior is shown on the y-axis. First responses were recorded over a 20
second period; second responses were recorded over a 10 second period. Only species A showed
a significant change in behavior from the first to second response (Chi-square, p < 0.001).
Species B, C and E kept the same behavior from first to second response (Chi-square test of
independence, 0.995 < p < 0.99, 0.25 < p < 0.30, 0.95 < p < 0.975).
_____________________________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 7. Behavior of morphospecies D, F and G in response to disturbance by a simulated
predator. Behavior classifications 1-8 are shown on the x-axis; frequency of each behavior is
shown on the y-axis. First responses were recorded over a 20 second period; second responses
were recorded over a 10 second period. Each of the three species shows relatively consistent
behavior in its first and second response. No statistical tests were run for these species due to the
small sample size for each species.
_____________________________________________________________________________________________

